The ability of plants to exclude sodium from the shoot is one of the major components of salinity tolerance. In this study, considerable variability in sodium exclusion within different species is demonstrated. The diploid species T. monococcum revealed a large (50-fold) variability in sodium exclusion in contrast to T. urartu, which was significantly less variable (10-fold). These species with the A genome are known to be salt sensitive, whilst T. (Aegilops) tauschii, a diploid species with the D genome, was very salt tolerant, but had only moderate variability in sodium exclusion (10-fold). The tetraploid species T. turgidum ssp. durum (both cultivated and landraces) and wild emmer T. dicoccoides (all with the AB genome) showed a range of variability in both salinity tolerance and sodium exclusion. The general pattern (from most sensitive and with highest Na + accumulation) was as follows: durum (cultivated) < durum (landraces) < wild emmer. Cultivated durum wheats had minimal or no variability, whereas landraces of durum wheats had greater variability, two excellent genotypes having been identified which combine very low sodium accumulation with very high salinity tolerance. Wild emmer was extremely variable. Hexaploid bread wheat, T. aestivum with the ABD genome, is known to be more salt tolerant, having an effective mechanism for sodium exclusion but only low variability.
Introduction
Improving the tolerance of modern wheat to salinity stress is restricted by the limited variation in the existing genomes. However, the use of wild relatives of Triticum species, the progenitors of the A, B or D genomes (Table 1) , may offer opportunities for increasing tolerance by providing access to more variable germplasm (Colmer et al. 2005 (Colmer et al. , 2006 . The ability of plants to exclude toxic Na + from the shoot is a major component of salinity tolerance James 2003, Tester and Davenport 2003) . Wild progenitors and relatives of the genus Triticum are highly polymorphic and genetically diverse (Witcombe et al. 2008) . The gene pool of these wild species was probably not reduced, but rather enriched, during a hundred thousand years of natural selection and evolution in the Mediterranean region under conditions of strong abiotic stresses such as high salinity (Feldman and Sears 1981 , Srivastava and Damania 1988 , Burger et al. 2008 . For this reason, considerable variation in Na + exclusion may be expected between different accessions and genotypes within the species.
The diploid Triticum species with the A genome (T. urartu and T. monococcum, Table 1 ) originated in the Middle East where they would have been exposed to high salinity and hot climates. T. urartu is likely to have been involved in the origin of modern tetraploid and hexaploid wheats while T. monococcum, einkorn, is one of the oldest domesticated crops and is still used in some countries (Sauer 1993 , Salamini et al. 2002 . It is generally considered that species with the A genome are relatively sensitive to abiotic stresses, especially high salinity (Wyn Jones et al. 1984 , Datta et al. 1995 and so there has been limited interest in investigating the tolerance of these diploid species to salinity stress. However, there are recent publications which describe the localisation of two Na + exclusion genes (Nax1 and Nax2) in durum wheat line 149. Locus Nax1 was localised on chromosome 2AL (Lindsay et al. 2004 ) and recently has been found to encode a Na + transporter HKT1;4 (Huang et al. 2006) . The second locus (Nax2) has been described as a homoeologous gene to Kna1 in bread wheat and has been mapped onto chromosome 5AL , Byrt et al. 2007 . Both genes originated from T. monococcum accession C68-101 . It can, therefore, be hypothesised that at least some accessions of diploid wheat with the A genome are effective Na + excluders. However, the limited number of publications describing tolerance to salinity and Na + exclusion in T. urartu and T. monococcum report only small variations in Na + exclusion when the plants are grown under relatively moderate levels of salinity stress, for example 50 mM NaCl (47 ± 7 mM) (Gorham et al. 1991) . Under high salinity stress (100 mM NaCl), 12 accessions of T. monococcum accumulated high Na + in the shoot but the variation was also significantly increased (213 ± 48 mM) (Shah et al. 1987) .
Aegilops tauschii (syn. Ae. squarrosa and T. tauschii), as a progenitor of the D genome in hexaploid wheat (Table 1) , has been the main focus of research for several reasons: firstly, high levels of Na + exclusion and salinity tolerance are found in Ae. tauschii (Shah et al. 1987 , Schachtman et al. 1991 ; secondly, there is relatively little variation in Na + exclusion and salinity tolerance in the D genome of modern bread wheat (Dubcovsky and Dvorak 2007) ; and, furthermore, a locus controlling high K + /Na + discrimination, called Kna1, has been localised to the long arm of the chromosome 4D , Dvorak et al. 1994 , Dubcovsky et al. 1996 . As a result of extensive screening of different accessions of Ae. tauschii for Na + exclusion, a number of lines with a range of Na + exclusion traits have been identified (Schachtman et al. 1991, Schachtman and .
In contrast, there has been until recently significantly less interest in the search for Na + exclusion or salinity tolerance in tetraploid wheats. This may be because tetraploid wheat accumulates high concentrations of Na + in leaves , Gorham 1990 ) and also, in the small screens performed to date, there has been relatively low variability observed in Na + exclusion in durum wheat cultivars (Munns et al. 2000, Munns and James 2003) . However, wild emmer (T. dicoccoides), which originates from Israel, is a progenitor of all tetraploid wheat and displays a particularly high level of diversity to a range of abiotic stresses (Nevo et al. 1992 (Nevo et al. , 1993 (Nevo et al. , 2002 .
Modern durum wheats are relatively sensitive to salinity stress compared with bread wheat and especially with barley. To date, no genes have been identified for salinity tolerance in durum wheat. The first gene identified in wheat was Kna1, mentioned above. This gene was found and mapped to the 4DL chromosome of bread wheat and is, therefore, absent in the AB genome of tetraploid wheats. The two genes Nax1 and Nax2, described in durum line 149, originate from the A genome of T. monococcum and are also not present in modern durum wheat (Byrt et al. 2007) .
The major reason for the limited salt tolerance of cultivated wheat is the erosion of genetic diversity as a "bottleneck" of genepool exploitation initially occurred during the natural hybridisation of the diploid progenitors of the A and B genomes, some 0.36-0.5 million years ago (Huang et al. 2002, Dvorak and Akhunov 2005) . Domestication of tetraploid durum wheat, particularly by the modern agricultural practice of pure breeding, resulted in a severe loss of genetic diversity (Nevo 2004 , Burger et al. 2008 . A further reduction of genetic diversity in hexaploid bread wheat occurred during the natural hybridisation between the tetraploid progenitor and Ae. tauschii, the progenitor of the D genome, and recon-struction of the hexaploid level of ploidy. As a result, modern hexaploid wheats have particularly limited variability for salinity tolerance and Na + exclusion.
The present study is a comprehensive assessment of the level and range of salinity tolerance within the diploid species T. monococcum, T. urartu and Aegilops (Triticum) tauschii; the tetraploid species T. dicoccoides, wild emmer wheat and T. turgidum ssp. durum (both wild landraces and cultivated durum wheats), and hexaploid wheat, T. aestivum. We examined variability in Na + exclusion and, in some species, salinity tolerance. The purpose of this study was to identify accessions and lines with the best Na + exclusion and salinity tolerance, for further crossings and analysis in a wheat breeding programme.
Materials and Methods

Plant material
Various accessions of T. monococcum (43), T. urartu (22), Ae. tauschii (16) Triticum turgidum ssp. durum (179 landraces and 3 cultivars), and bread wheat T. aestivum (16), from a range of geographical locations, were supplied by the Australian Winter Cereals Collection (Tamworth, NSW, Australia) and the Vavilov Plant Research Institute (St Petersburg, Russia). Genotypes of T. dicoccoides (54) were provided by Eviator Nevo (University of Haifa, Israel). Identification of certain accessions and landraces, especially tetraploid lines 740 and 752, are the subject of Intellectual Property but they may be disclosed and seeds transferred under agreement for anyone interested in repeating or continuing this research.
Growth conditions, experiment design and salt treatment
Seeds were germinated for 4 days at room temperature on moist filter paper before being transferred to a supported hydroponic setup. The supported hydroponics system used was as described earlier (Shavrukov et al. 2006 , Genc et al. 2007 with individual tubes for T. monococcum and T. urartu, and tubs for other species (Fig. 1 ). The solution pH was maintained at 6.5-7.0. Four or six biological replicates were used. Plants were grown in individual tubes or in rows with equal distance within and between rows. The order of the tubes and rows was randomised. At third leaf emergence, the growth solution was replaced and NaCl was added twice daily, in 25 mM steps until final concentrations were reached of 50 mM for T. monococcum/T. urartu, 100 or 150 mM for other species, and 300 mM for T. dicoccoides. Additional CaCl 2 was applied to the growth solution to maintain constant calcium activity across NaCl treatments. In the control hydroponics, a fresh growth solution was replaced after 10 days growth without adding NaCl and CaCl 2 , and this was used for calculation of salinity tolerance.
Measurements
Following 10 days treatment in elevated NaCl, the third leaf was harvested and fresh (LFW) and dry weights (LDW) 
Species name
Accessions, landraces or cultivars Genome
Landraces and cultivars AABB T. aestivum Cultivars AABBDD recorded before the leaf was digested in 10-20 ml of 1% HNO 3 at 85°C for 4 hrs using a Teflon hot-block (Environmental Express, USA). Concentrations of Na + and K + were determined by flame photometry (Sherwood, UK, model 420, with a model 860 autosampler) and expressed as Na + concentration in the plant sap (tissue water basis) to allow direct comparisons to be made between concentrations of Na + in the leaf and the external solution. The third leaf was used as an indicator of the ability of the whole plant to exclude Na + . This 'third leaf method' has previously been described (Munns and James 2003) and is widely used to screen for Na + exclusion. The rest of the shoot was collected separately and dried in an oven at 85°C overnight, with shoot dry weight (SDW) recorded. For some species, shoots of plants from control hydroponics were also harvested, dried and SDW recorded. The salinity tolerance of each accession was calculated as relative SDW: the ratio between average SDW (with salt)/ SDW (in control) × 100%.
Statistical analysis
For accession analysis the data represent means ± standard error with four or six replicates. A standard Excel program was used for calculation of average and standard errors.
Results
Na + exclusion in diploid species with A genome (Triticum monococcum and T. urartu)
In this study, it was found that with relatively low salt stress (50 mM NaCl) the average Na + accumulation in the 43 accessions of einkorn wheat, T. monococcum, was 56 ± 25 mM with more than a 50-fold difference between the accessions with the lowest and those with the highest Na + accumulation (6 compared with 510 mM, respectively) ( Table 2 and Fig. 2A ). The majority of the accessions studied accumulated less than 100 mM Na + in the leaf, with only three accessions accumulating more than 150 mM Na + . The variabil-ity in Na + accumulation across the 40 accessions remaining after excluding the three highest accumulators is shown in Fig. 2B .
Two bread wheat cultivars, Kharchia 65 and Krichauff, acted as external standards. Both accumulated similar amounts of Na + (12 ± 5 mM) and allowed the T. monococcum Plants were grown for 10 days in standard growth conditions until the third leaf emerged before being grown in 50 mM NaCl for the next 10 days. Values for individual accessions are the means ± standard error (n = 4). The overall averages for Na + and K + were calculated from the means of each accession. As for graph (A) but with elimination of the three highest Na + accumulating accessions to allow clearer demonstration of the variation in the remaining accessions. Plants were grown for 10 days in standard growth conditions until the third leaf emerged and then grown in the presence of 50 mM NaCl for a further 10 days.
Values for individual accessions are the means ± standard error (n = 4).
accessions to be divided into three groups: (A) good Na + excluders, containing equal or less Na + than the standards; (B) moderately sensitive lines, with higher Na + concentration than the standards and (C) very sensitive lines, which accumulate significant concentrations of Na + compared to standards. Although the distinction between groups A and B is easily determined statistically, the division between groups B and C less clear as the distribution of Na + concentration is an exponential curve. However, it is clear that three accessions with the highest Na + accumulation differed by 10-28fold compared with both bread wheat standards. Data for three accessions each from the two groups identified as the best and poorest Na + excluders are presented separately for comparison in Table 3 . It was found that for most of the parameters studied there were significant differences between those plants identified as the best and poorest excluders. Shoot K + concentrations were higher in the poorest Na + excluders, but the K + /Na + ratio was significantly higher in the best excluders. These results were confirmed visually, the best Na + excluders being green and healthy, whilst the poorest Na + excluders demonstrated clear symptoms of Na + toxicity (leaves with yellow and brown regions) and appeared to be dying.
In the same experiment using a relatively low salt stress (50 mM NaCl) the variability in Na + accumulation found between 22 accessions of T. urartu was smaller, covering less than a 10-fold difference between the best and poorest excluders (Table 2) . Interestingly, this more limited variability was associated with an absence of any T. monococcum accessions with very high Na + accumulation. The concentration of K + and the K + /Na + ratio were similar for T. urartu and T. monococum (Table 2) .
Na + exclusion in diploid species with D genome (Triticum (Ae.) tauschii)
In this experiment a salt stress of 150 mM was used and the Na + concentration in the third leaf of Ae. tauschii plants was found to vary moderately, between 58 and 585 mM NaCl across the 16 accessions measured (Table 4 ). K + and Na + concentrations were negatively correlated (R 2 = −0.9921). The K + /Na + ratios differed between accessions by more than 20-fold, and there was a high correlation between K + /Na + ratio and Na + exclusion (R 2 = 0.8914; Table 4 ).
Visual symptoms of toxicity were observed similar to those in T. monococcum, these being more apparent in plants with very high Na + accumulation, and the Na + excluders displaying healthy green leaves.
The bread wheats used as standards, Kharchia 65 and Krichauff, accumulated very similar levels of Na + (53 ± 4 and 55 ± 7 mM, respectively) and had similar, high K + Na + ratios (5.8-5.9) (Table 4) .
Na + exclusion and salinity tolerance in tetraploid species wild emmer (T. turgidum ssp. dicoccoides)
In response to a strong salinity stress (300 mM NaCl), plants of 54 genotypes of wild emmer, T. dicoccoides, accumulated high concentrations of Na + in the leaf, and the variability in Na + exclusion was manifest as an 11-fold difference between the best Na + excluders and the Na + accumulators (214 compared with 2,428 mM Na + ). In this experiment, salinity tolerance was also determined and found to be very variable amongst the emmer genotypes studied, ranging from 36% to 97% relative SDW; at least five emmer accessions were found to have relative SDW of more than 80% (Fig. 3A) . Interestingly, these five emmer genotypes originate from different localities.
Australian durum wheat cultivars (Yallaroi, Wollaroi and Plants were grown for approximately 10 days in standard growth conditions until the third leaf emerged, then grown in the presence of 150 mM NaCl for the next 10 days. Values for individual accessions are means of 6 replicates ± standard error of the mean.
Kalka) and the bread wheat standards, Kharchia 65 and Krichauff, displayed a very small range of Na + accumulation from between 466-572 mM NaCl and 205-301 mM NaCl for durum and bread wheats, respectively. These values were the lowest recorded for Na + concentration, but they also had only moderate levels of salinity tolerance in comparison with most of the emmer accessions, that is, relative SDW of between 37%-40% and 43%-48% for durum and bread wheats, respectively. In this experiment, there was no strong correlation between Na + accumulation in the 3 rd leaf and salinity tolerance of plants in the vegetative stage (R 2 = −0.019, Fig. 3A) . The K + /Na + ratio showed a similar variability to Na + accumulation, with almost an 11-fold difference from 1.32 to 0.11 units (Fig. 3B) , and was due mostly to variability amongst the emmer accessions. The three durum standards had a very similar and low score for K + /Na + ratio (0.36 − 0.33 units), whilst Krichauff and Kharchia 65 had the highest scores for the K + /Na + ratio (1.32 and 1.30, respectively). No correlation was found between K + /Na + ratio and salinity tolerance but a strong negative correlation (R 2 = −0.755) was found between K + /Na + ratio and Na + accumulation in the 3 rd leaf (data not shown).
Na + exclusion in tetraploid durum wheat (T. turgidum ssp. durum, wild accessions and cultivars)
In this experiment, a moderate salt stress of 100 mM NaCl was used. Wild landraces of the tetraploid ssp. durum showed very little variability in Na + exclusion, with a less than 1.5-fold difference between the highest and lowest Na + concentrations in 177 of the 179 accessions (Table 5 ). These 177 durum accessions accumulated significantly (P > 0.001) higher Na + compared with the two bread wheat control cultivars, Kharchia 65 and Krichauff. The only two exceptions to this were accessions (line 752 and line 740) with concentrations of 79 and 118 mM Na + in the sap of third leaf, respectively, which is approximately half that of the majority of lines (Table 5 ). This observation was consistent, as the screening for Na + exclusion was repeated twice and similar results were obtained (data not shown). By comparison, the bread wheat standards, Kharchia 65 and Krichauff, accumulated about 15 mM Na + .
Concentrations of K + and Na + were negatively correlated Fig. 3 . The variability of Na + accumulation and salinity tolerance (A), ratio K + /Na + and salinity tolerance (B) in 54 genotypes of Triticum dicoccoides (clear dots) in comparison to durum wheat cultivars (shaded squares) and bread wheat (shaded triangles), as standards. Plants were grown for approximately 10 days in standard growth conditions until the third leaf emerged, then grown in the presence of 300 mM NaCl for the next 10 days. Values for individual genotypes and cultivars are the means of 6 replicates. (R 2 = −0.9901) in all plant material studied (Table 5) . Furthermore, the ratio of K + to Na + correlated strongly with Na + exclusion (R 2 = 0.9581) in all durum accessions assessed. In most accessions, very low values (0.4 to 0.8) were obtained for the K + /Na + ratio and little variation was found across the accessions for this ratio. The two outlier durum landraces, line 752 and line 740, had significantly (P > 0.01) higher K + / Na + ratios (1.6 and 2.3, respectively). However, these ratios were still 8-to 11-fold lower than for the bread wheat standards, Kharchia 65 and Krichauff (Table 5) .
To verify the tetraploid status of the two low-Na + durum landraces (line 740 and line 752), five individuals from each line were checked using the molecular markers gwm3 and gwm261 (Röder et al. 1998) . As no PCR product was found, this confirmed the absence of the D genome (data not shown). Cytological analysis of metaphase cells in both lines also confirmed the presence of 28 chromosomes in the analysis of five independent replicates, as would be expected for tetraploid wheat (data not shown).
Three durum cultivars (Yallaroi, Wollaroi and Kalka) when subjected to 100 mM NaCl were found to have Na + accumulation and a K + /Na + ratio similar to those of most of the wild accessions of durum wheat. The variability of Na + accumulation was minimal (Table 5) .
Na + exclusion and salinity tolerance in hexaploid bread wheat (Triticum aestivum) Sixteen popular domestic and foreign bread wheat cultivars were used in the experiment with moderate salinity stress, 100 mM NaCl (Table 5 ). All plants accumulated a very low concentration of Na + in the 3 rd leaf under standard hydroponic conditions. The variability of Na + accumulation was also small and no differences were found in bread wheat that could be explained by geographical origin. The two bread wheat standard cultivars, Kharchia 65 and Krichauff, had very low Na + accumulation, close to the minimum level recorded in this study.
The two bread wheat standards (Kharchia 65 and Krichauff) were used in all experiments which permits comparison of the responses of these bread wheat standards to salinity stress. An increase in accumulation of Na + in both bread wheat standards was observed with increasing NaCl (50, 100, 150 and 300 mM) but the variability in Na + accumulation was very small (Fig. 2 and Fig. 3 , Table 4 and Table 5 ). In comparison with all the other Triticum species studied, the bread wheat standards proved to be close to the best Na + excluders. However, some accessions and genotypes from the diploid species (T. monococcum and T. urartu) and from the tetraploid species, T. dicoccoides, showed very similar or even better Na + exclusion. Such examples are assumed to be very good Na + excluders and they may be of value for further crossings.
Salinity tolerance in the two bread wheat standards (Kharchia 65 and Krichauff) was measured in only one experiment, using 300 mM NaCl (Fig. 3) . These bread wheats showed moderate salinity tolerance (relative SDW of 43% and 48%, respectively) and at this treatment level the plants displayed visible symptoms of Na + toxicity.
Discussion
The wide variation in leaf Na + concentrations reported here between different T. monococcum accessions (Fig. 2) has not previously been described. On the contrary, previous publications have reported little variation under similar hydroponic conditions (Gorham et al. 1991) . Most accessions in this study varied little in leaf Na + concentration as observed in earlier experiments (Gorham et al. 1991) , but three very sensitive accessions were also found. These were the poorest Na + excluders which accumulated very high concentrations of Na + and died shortly after completion of the screening experiment ( Fig. 2A and Table 3 ). These very poor Na + excluders represent the main difference between the present study and that of Gorham et al. (1991) and may be due to the different sources of the T. monococcum germplasms chosen for the two studies. However, a greater variability as observed in this study can be explained by the wide geographical origin of the species, the biodiversity being associated with challenging growth conditions, and plants being subjected to environments of, for example, high salinity, drought, heat and other abiotic stresses.
In contrast, the accessions of T. urartu studied did not reveal very high variability mainly due to an absence of extremely poor Na + excluders. These results are very similar to those previously published, despite the use of different accessions (Gorham et al. 1991) .
It was observed that some individuals of both T. monococcum and T. urartu demonstrated typical symptoms of Na + toxicity (loss of leaf turgor, yellowing leaf tip, progressive chlorosis and death of the oldest leaves) with 50 mM NaCl stress. Unexpectedly, some plants started dying after exposure for longer than 10 days. Although we are not certain what was causing this phenomenon, it was observed that plants accumulating a very high Na + concentration in the 3 rd leaf were dying during subsequent extended exposure to salt. Therefore, it can be hypothesised that those plants which were sensitive to salt did not have an effective mechanism for Na + exclusion. The concentration of Na + ions built up in the shoots, reaching critically toxic levels which resulted in plant death. The evidence is presented in Table 3 , where it can be seen that plants of accessions with very high Na + accumulation (non-excluders) cannot survive. By contrast, plants of accessions with an effective exclusion mechanism accumulated very low Na + , and were green and healthy. When the concentration of NaCl was increased to 100 mM, Na + accumulation was correspondingly higher, resulting in the death of an increased number of plants (data not shown).
The significant variation found in the diploid species Ae. tauschii in both Na + exclusion and salinity tolerance was found also by Schachtman et al. (1991) , who identified at least ten Ae. tauschii accessions with superior Na + exclusion from a screen of 415 accessions. In the current experiment (Table 4) nine Ae. tauschii accessions studied previously (Schachtman et al. 1991) were used and a similar ranking (from high to low Na + accumulation) was found. However, investigation of seven more Ae. tauschii accessions originating from another germplasm source permitted the identification of wider variability in Na + exclusion/accumulation, and accessions with the highest and lowest Na + accumulation could easily be recognised visually. These seven accessions had different origins and varied in habit and vernalisation reactions. Two accessions (VIR-608 and VIR-865) accumulated significantly less Na + than the previously identified best excluder, CPI-110664 (Schachtman et al. 1991) . The three Ae. tauschii accessions, VIR-608, VIR-865 and CPI-110664, are currently being used for further hybridisation with tetraploid wheat to reconstruct synthetic hexaploid wheat.
The tetraploid T. dicoccoides, wild emmer, grows in challenging environments typified by a range of biotic and abiotic stresses and, in the absence of breeding by man, has been subjected to natural selection over hundreds of thousands of years (Huang et al. 2002, Dvorak and Akhunov 2005) . Therefore, the variability in many traits, for example salinity tolerance, is high and represents an excellent range of diversity (Witcombe et al. 2008) . By contrast, there is a long history of human selection for grain yield and quality for cultivated durum and bread wheats which, consequently, have significantly narrower variability in response to abiotic stresses such as salinity.
The accumulation of Na + in wild emmer accessions, as well as K + /Na + ratios, were quite variable, this probably being related to a wide genetic diversity within and between genotypes and populations. Somewhat unexpected was the absence of an association between either Na + accumulation or K + /Na + ratio and salinity tolerance ( Fig. 3A and Fig. 3B ). This result differed from earlier published data for cultivated durum wheats grown in a range of salinities (Munns and James 2003) and may be due to the fact that wild emmer accessions with very different growth rates were used. For example, most genotypes with high salinity tolerance also had very slow growth and, therefore, could not be selected for practical use in breeding. However, a recent study has demonstrated the lack of correlation between Na + accumulation and salinity tolerance for a number of bread wheat cultivars (Genc et al. 2007) . Clearly, the relationship between the two factors (Na + accumulation and salinity tolerance) requires further investigation. A large variability was identified in T. dicoccoides for a range of traits including Na + exclusion, salinity tolerance and growth rate, and this was in a number of genotypes originating from different populations.
Generally, the wild accessions of the diploid species studied, T. monococcum and T. urartu, and the tetraploid emmer genotypes, T. dicoccoides, are quite variable and have a wide diversity of Na + accumulation and salinity tolerance. This is probably linked with a long natural evolution in environments with strong abiotic stresses, including high salinity. The geographical location and, more importantly, micro-ecological environments in each population, determine a certain combination of factors crucial for Na + exclusion. Salinity tolerance is a trait of clear benefit for breeding purposes and the improvement of wheat cultivars. Further experiments are required to identify accessions of wild species of genus Triticum which possess this trait and so could be used in breeding programmes for durum and bread wheats.
With respect to durum wheat, the results obtained from the screening of 179 accessions of durum landraces for Na + exclusion are very promising. Compared with the other 177 durum accessions, two original landraces from ssp. durum with the AB genome (lines 740 and 752) were found to accumulate about half the amount of Na + in the leaf (Table 5 ). These two lines were also particularly salinity tolerant, displaying greater and healthier growth in saline conditions than any of the previously published durum accessions and landraces. The hybrid durum line 149 is excluded from this comparison because, as has been demonstrated, the novel genes Nax1 and Nax2 were introgressed into this line from T. monococcum ).
Both of these durum landraces, lines 740 and 752, are now being crossed with a wide range of modern elite durum cultivars, and with the Ae. tauschii accessions selected as superior. From this work, a significant improvement in salinity tolerance of new durum cultivars is anticipated, as is a reconstruction and analysis of hexaploid synthetic wheat with higher salinity tolerance (Trethowan and Mujeeb-Kazi 2008) . These hybrids of tetraploid and hexaploid wheats and their further derivatives will be the subject of study in the near future.
In conclusion, our results indicate that there is much greater variation in Na + exclusion and salinity tolerance within wild species of Triticum compared to cultivated wheat. This is not related to either the level of ploidy or the presence of a particular wheat genome. All cultivars of both durum and bread wheats have very limited variability in these traits. In our study we identified three accessions of T. monococcum that are very sensitive to salinity, accumulating high levels of leaf Na + and dying after 10 days growth, even in a relatively mild NaCl treatment. Such accessions have not previously been described. More importantly, we identified two durum landraces with very low Na + accumulation and high salinity tolerance, which also have not been described. These two lines have been selected for further genetic analysis and integration into cereal breeding programmes for salinity tolerance.
